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TABLES FOR THE CALCULATION OF RADIOACTIVE EQUILIBRIUM

FROM BATEMAN'S EQUATION
By F. J. Flanagan and F, E. Senftle
ABSTRACT

Tables of decay constants and functions thereof are presented to
simplify the problem of calculating the constants involved in the Bateman
equation. An alternate method of solving for the amounts of the nth

member of & radiocactive series is.given in the form of a power series.
INTRODUCTION

Chemical treatment in the laboratory of naturally radioactive ores
may result in the disturbance of equilibrium in the thorium232, uranium23S,
and uranium@38 series. As a result of such a break in the radioactive chain,
it is important to know the variation with time of the quantity or activity
of a particular decay product. In connection with a program undertaken by
the Geological Survey on behalf of the Atomic Energy Commission, a nugﬁer
of tables have been compiled to facilitate calculation involving radioactive
equilibrium. The half-life data are taken from Way and others (1950),
Fleming (1952), and Ginnings and others (1953).

Calculations involving radioactive equilibrium were simplified by
Bateman (1910), and his method is standard procedure (Rutherford and others,
1930). Bateman has given the method of solution of the general case of n

products in a symmetrical form; for instance, the number of atoms N of a

given species formed from N'atoms of a parent species in time t is given by

“Art Azt -Ant
N = N'(cae + cge ses + Cp€ ) .o (1)



where A is the decay constant, e the Naperian base, and ¢p is a constant

having the general form
n-1
T (A3)
1
Cin
n

T (A3-21)
J=1
I

For example, a typical constant is

Cg = l‘lla LK "‘\'11*1
(A1-22)(Ag=A2) ... (Ap-A2)

These constants, although simple in themselves, are tedious to calculate
especially where there are a large number of determinations. The sum of
the constants is always identical to zero.

A serious disadvantage of Bateman's equation is that the results
may be dependent upon the difference of two numbers. If there is a small
difference between two large numbers having only a few significant figures,
the results can have little or no meaning. This,a common situation, reduces

the usefulness of Bateman's equation in its usual form.
POWER SERIES EXPANSION

As Ott (1952) has pointed out, a power series expansion can be used
which obviates the necessity of using exponentials and gives sufficient
accuracy to allow the use of slide-rule calculations. In practice it has
been found that the inaccuracies incurred by using the Bateman eqpafion can
be circumvented by expanding those terms that have very large coefficients,
that is, numbers which are not significant to at least the units place.

The exponential terms with small coefficients are simply carried and worked

out in the regular manner. As the sum of the coefficients is identical to



zero, the term representing the sum of the coefficients-of the expanded
exponentials is more accurately represented by the sum of the coefficients
of the carried exponential terms with the sign changed. Thus, if in the

Bateman equation Azt -Aot -Aat

N = ae + be - ce
the coefficients a and ¢ were very large, then the sum of the coefficients

(a+c) in the expansion of ae Mt

and -ce 2% woula numerically be more
accurately representfed. by =b. |

The power series expansion of e_;‘\t converges rapidly only for small
values of At, such as 0.1 or less. Where At is large the exponential cannot
be conveniently expanded. In practice it is ﬁ@d that for periods of 500
hours or less the terms that have large coefﬂcientsha.{e small values of
At, and hence are expandable.

To facilitate the calculation of the Bateman coefficients anﬁ expansion

of the exponentisl terms a number of tables have been computed.
CALCULATION QOF TABLES

Tables 1 through 6 show the half-lives, the decay constants, and
functions of decay constants in sec™t required for' each of the thi-ee natural
radioactive series. .The enﬁries in each table-have been carried to two
digits beyond the last significant figure, and each entry has been calculated
from eight-digit numbers to reduce the round-off error carried through the
table., Although the error in each entry has béen calculated, 1t has not
been entered in the fable for the sake of clarity and has been used only\'
to indicate the number of szignificant figures of each entry. The following
conventions have been adopted for the calculations: (1) the individﬁal

_errors have been arbitrarily assumed to be + 1 in the last digit of the



7

i
'

half-lives; (2) where the first number in the calculated error ié)eqpal
to of greater than T, the error has been rounded off to 10 in orq?r to
assign significant figures. | | 7 f

The products of differences of deca& coﬁstanfé are calculaﬁ%&z'
according to the formula

'(Al*li)(lﬁ’lii ene (inéli) t-R =

T Oga) | T gy st ek : 2
i=1 ~li= Zm _ |

i=1 _—
where R is the propagated error and r the error in the individual decay

!

constant.

Values for simple products of decay constants AEE glven by

- n n
Aidz ... Ap + R = Tr (li) + T (A1
_ i=1 i=1

-

and values for powers of decay constants by

A"+ R =24+ A ar
The user of these tables should note that t?e error in accumulated
products of differences)TT(lnali))is generally géeager than that of partial
products obtained by aiviaing one of these by'anofher. It is, however,
impractical to give the errors of all such possible quotients; all that
could be done was to0 compromise by carryiﬁg'in the.table two figures beyond
the last significant figure in each entry so that correct figures may:be :

restored in cancelling out less accurate differences,
USE OF THE TABLES

Powers and products (TTA) of the decay constants for the three series

are shown in tables 1, 3, and 5 and the products of the differences between



decay constants in tables 2, 4, and 6. Where the desired product is

not shown in the tables, it is easily calculated by dividing out the
undesired part. Thus, if the product Agleds is desired, Aidskohads is
simply divided by A;Ap, the latter values both being read directly

from the table. The "product of the difference" tables (tables 2, 4, and
6) must be read from top to bottom and the unwanted part is divided out
as in the simple products (TTA). For example, in table 6 of the thorium

series,

(lRazz4‘AThgae)(;Razao'AThaae)(Apgale“*mhaae)

can be obtained by dividing the entry in the seventh row of column 4 by

the third entry in the same column. Thus,

(Amhasa'lwhaze)(Akazaa'AThgaa)°°°(l 216" Thzza)

(Apy2s2-Apy226) (Ag,226-Ap 226 ) (4 228-Apy226)
3.6774 x 10728
3,00g2 x 107%*

= 1.22 x 1077

The use of the tables, a power series solution, and the problem of
significant figures are best illustrated by an example. Consider the

radiocactive chain from Pb2© to stable lead (Pb2°%),
Pb210 A= 1071081210 A=1,654 x 10" po210 A=5.800 x 10”5 P29 (stable).

Assume that the values of the decay constants given here are significant

only to the number of places given. The number of lead atoms, praos’

formed in time "t" from a given number of Pb21C atoms is given by the

Bateman equation:

A 210t -Ap; 210t -, 210t -App206t
Nfb2°6=HPb21°(pe + ge + re + se )

where

App210dg; 2104, 210
(Ag4 210’3Pb210)(1P021o*lpb210)(0 lybalc)

P=




. e 9

The values for both the numerator and the difference between decay
constants shown in the denominatar can be determined from tables 1

.and 2. Thus, the numerical value for the constant p above is:
bhip x 10798 /4 694 x 10774
-2,Ta2 X 10778/2,9;4 x 10756

= - 1,0182

Similarily
g = 2,1gas X 10°5
r = 1.8;60 x 102
s = 1,000 -

If N_ o0 is the muber of the Pb®1° atoms (1.237 x 107) in equi-

Pb®
librium with 1 microgram of uranium, the Bateman equation for the number

of Pb®°€ atoms formed will be
lee"ﬁ
- 10t ~A,, 206t

2,24kg x 10% Apo2 + 1.23, x 107e e

- “l t -"1 10t
= -1,25¢ x 107 7e "FPROT _5 1. x 10%e BI2OY

It is obvious that, if the exponentials are large (~ 1) the difference
of.such large numbers with but a few significant figures will result in
a large error. By retaining the Bi210 term, expanding the rest of the
terms, and letting the sum of the coefficients of the expanded terms be
+ 2.Tlp x 10° & more accurate form can be obtained. The powers have
been calculated and are shown in tebles 1, 3, and 5. The more accurate
form will thus be |

Noy206 = 2.7l x 102 - 4,48 x 10™%t + 3.711 x %0310 $2 -
=Ag4210
T+290 x 10783 - 2,71z x 102e Api2

By substitution of numerical values into the conventional Bateman equation
“) one obtains a value of several hundred atoms formed for t = 100 hours.

Careful consideration of the decay constants and the number of Pb2° atoms -
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shows that this number is much too large. The expanded form of the
equation, however, gives a value of sbout 8 atoms which is what one
would expect from the decay constants shown,

Where there are two or more large coeﬂicients, the usual Bateman
equation cannot be relied on to give accurate results in view of the
insccuracies in the decay constants. The power series form, on the
other hand, is accurate enough for most spplications. By the use of
the accompanying tables and the approximate form of the equation,
considerable time can be saved, especially where a large number "of calcu-
lationé are involved. N

The authors are indebted to William Schlecht of the Geological
Survey for his help in calculating the number of significant Pigures in
the tables, We also appreciate the stimulating discussions of Thomas
Farley and lorin Stieff of the Survey and their interest in this work.’
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Table 1,--Uranium®>® series, half lives, powers, and products of

decay constants.

Nuclide | HalF Life Fowers c?‘/’ma/ucts*?\of Decay C‘ar:z‘a;ts‘
% c) |Gee-)icec ) [se-)|Gee )
u= 4.498 x /0 7_9 ?/033‘ f}?ﬁ? ;,ﬁf;."z iﬁﬁ“ :};’8—3'3.
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T | 0567y Ertalnas b e,
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Table 2,-=Uranium238 series, products of differences of decay
constants (in sec™1 )

Yy —>

)uzae

2a¢

7

P /%234

}uzat

74

230 A@u

—tr—

(Ay 22=-y)

33285
x/077

- ,‘.m
X00-3

X /0 -/4

’20 ”“
x/0~"

/2997
Xto~"

Ix (Azp224-y)

3.3288s
x/0-7

8.9¢e
X/10~F

'2.754 []]
X 1020

-9./¢0
x/0 -20

43263

2x(Am 22t y)

3./522
x/0=?

-

-3.,53[
x70-%
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X /0'22

“B.6s54
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2.09 64
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7. 000
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SMNO(P|N [NV D[N~

2.0046
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/. 7G5
x /0=493

9x( 2_5,'2/1._)/ )
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x/0-6°

4/09
x/o-lo

-/'E’

x/9-<¢

Branch Vie A**

//

Ox(Ap214—Y )

944':.
x10-57

9.2449
x/0~4%0°

.105?0&
x/fo-"%

-6.368
x/0-67

.93 73
X ,o-“

"‘37’
Xx/0=53

~/946e]|
x/0-%

/2

//x (Zféa'q-._)’)

9437
X /6 =66

-30 0696
x 10-%@

#6279

-0.943
X/0-66

/v 73"
x/0=6

~6.278
x/0~62%

3.032/
x /012

/3

12x(2py 212-y)

/1.56r
xl0~"'

"f.0557
X /0 -5a

-/ 384
x/0-"?

3./19
x/0" ;

~/03g
x10-6?

-/.3440
x/0-%8

/

/3x ( APQ —/ )

9.049
x/0=19

/./l50
xf0-%8

/,3/60
x,o-?.l

x/0°78

“00'8
X/0°%

274y
X/0~5%

/5

Mx(App2oey)

~44n
X/0-%
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x/0-%%

~/, 24/

X/0-23

-5.09¢
x/0=N"

7.822
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~5.7.
x/o%

Branch Via 7727

/6

0x(Ary 212-Y)
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x/0 “3

1.7/ 6c
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/7

L75s¢
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X10=5%
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x/0—24
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x/0=?

~ll/es2
x/¢=%7

5.626
x/6—%8

/8

17x(g; 22 y)

2.897
x0°17

7.5 27
x/0~ &8

2,//43
x/o-80

5.937
XN~

~/92
x/0=73

-29940
A/0-59

/9

/8x(7t,a02',0_.y)

167y,
% 1p=8%

2.06 94
x/o-»b‘!-

-2.002
x/0°28

3.4¢2
X 1084

A
x/0~80

5.060
x/D—60

"8.202

-6.889

189ss

x10="

x/0-30
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%10~
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2019+ (P2pg2-y)




Table 2.--Continued.
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APZIB
?

A /%214

Agi

p) 5214

2/0

21y

3781
X10-3

~4.3/0¢
x/0-*
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x16~%

~4.7/53
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a3

X/~

x/o
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-/ 6545 ‘5:7970.5‘ 486328
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x/0=7
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X /0-8
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x/0~7
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-/04 ”
x /0
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/, 04 499
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3.75 o7
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~44289
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x/0-38

4.8 15
xX/0-%3

l.67¢e
x/0='7
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xlo-23

2.59 74

=5, /83
X /o 28

3.222
X 1o='6

.41 /;‘II
x/0738

5.9744
X/6-*4

/o022
x/0—68

YAZ P
x/o=2€
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x/0 -24
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=/.6oo
x /0’8

~L57
x/0—9%°

2,270
x/0-%

13,8727
x/0=7!

-5,620
x/0-20

-,.789

~Ll5 22
x/0°33

/. 3 3/
Al0-20

-6.749
xr0-*4

17307
X /022

.001
x10-29

S. 424
x /036

-4 0g7
x/0-22

~3.94.4

9.78¢
X0~ $§0

/. 6694
x /0~ 7¢

5. 79 80

/047

X053

9.7a0

8,445
x/0~'?

l4/78
x10-25

~8.43¢3
x/0-25

=/, 8408
X /0—*3

2, 70%¢
x /0=

466
X/0-7¢

-3, 2’7’7
x/0-2l

-6./ n
x/0-2?

49472
X/0-28

-2,562)
x/0 %0

3,07¢2
x/0—%9

-, 5415
x/0-56

4 6 09
x/0-83

£2/82
ua-aa

2.624
x10°3%

~2.893
X/0-81

/0209/
x/0%4

482/
x /0 —62

~2.4%04
x/70-62

7.623
X /0-8%

~4.6/14
x/0-26

=1/3 1
x10-35

/o & %
/0724

2.4 %
x/IO*7

2.7%6
x/10-69

-4.9.0
X/0~55

G419
x /0~ 96

5 7427
X/0-28

4.8 7.
x/0-39

=9,94 75
x/0-37

2.68¢0
27057

=2.7¢2
X/0 -78

8.1/22
x /0-6!

[od2¢2
x/0-69

8.942

X/0-28

2.50 19
x/0=31

~A4¢/
x/0-30

5.4 2
x /0—62

~3.453;
x/0-4%

5.0218
x/0-55

8.5¢s
x/0~80

’30587{
X/0°21

"', . 078
X /0-3f

8.5¢7
x/0°34

9' 5/3
x/o-zf

5.709

-2.8610
x/0—6%

8.554
x/0-€1

/2825
x10°29

4.63
X /0-28

~5.0097

-8.32
x/0°%7

8.947
x/0-68

~4.56¢6)
A/0-68

/. ¥ 50
x/0 94

~4.8s¢
x/0-32

~/. 7760
x/0-4t

2.9 37
x/0-40

7. 28
.v(IO'2

5.0q7
X/0 =7%

~9/12
X 10-6!

8.203
Xx/0~"%

/.84 00

8.6o04

x/0-34

~/723

x/0=48

x/0-43

-6.28

~%.089

Al0°8

L350 72

2,643

x /0 6%

X/0"75

x 10 64
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of decay constants.

Table 3.--Uranium®3> series, half lives, powers, and products

Powersd Products of Decay (‘onﬂb;!

Nuclide |  Half Life :
U2 | 713 400%y [ |uio s [en ¥ en s Lo
Th*Y | 255 h el | aanee e
At | 34300 y LRI (O
Ac* | 217 y it LA [N LA
Branch Via Th 227
7% | /86 J IR e [T
Ra*2 | /1.2 d |7 2E% i
@ | A | 392s [LULLELEEL [
Fo™ | 183 #0070 [l ¥l  [iur [ann e
PO | 360 m it | [ e ene
B | 246 m iR Gt Lot
Branch Via P2
Ao 5xf073s 0% |ie |25t |aid |facee
PbH*7 Stable
Lranch Vo 77277
TI™7 | 477 m BN (s [ fare
f627 Stable
Branch Via fr**°
| 2l m | RRRLRS el [T
® | ru | sl2d Ll P ekt
Rr™ | 392 s TP AL s
Pt | 183 x/0%s [ |l |t (e | é
| P | 36lm i [ [ s s
it | 206m [ ses e [t Lot
Branch Via A2
Pt | Sx/073s |ag Ik st [T L%
Pb2o7 Stable
Bronch Via 772°7
TI* | 477 m  |EEeac (hacy (5w, i |
Pb 27 Stable | ’
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Table 4,--Uranium®3> series, products of differences of
decay constants (in sec~1).

_)/——-——-> Ay 235 7\7323 2,%25/ %227 2 zz.;{ 222

7.55066.9038 |~/ 0/22.1}~43] 22 |=5,5012 .
(Ag”"-__y) X/0% \xr0-72 |xpo-7 Jx10=7 Jxs0-4
75500 ~483s0)-7.6416 |-3.01u |2.9847
23/
/x (27& > ".Y) x/0-C x/0=18 Yx107¢ | x/o='% | x10=7

48350|35,70/2 7730z |1.8244 |-/ (%20
2x (2/% 25/—_)/) <=8 |x /07" X10-24x /08 | x/0~/°

%694 |~43042|1.690 ~5i6an | 9,033
3 "(?\Ag 227— ) | =22 |x 107 | £ 00-27 x/0-2€ | x /014

Branch Ve 7H227

/.5/20 |-2.09¢2.1~/.5/ 11 |2.37 93 |-/.6 24
5—’((2/?_0_.225")/) x/0-3x/0-26 Y x/0-3% | x 10-3¢ | x 103/

2.6736]|°3.7029|=2.67,9|4.2072|-2.8 12
6)‘(2/672’9 __Y)l_x/d"o xI0-27| x /040 x?;)? X /0—32

10022 |-/ 4026 |-L0f20 |/.5735Y)=/.08 78
7x(2ﬁgi/f_ .y) x/0737 |x/0-24)x /037 | x 10 -3% | /0 22

8,24-07 | =4 38241-3.2381|5./ 00 |=3.47¢
x(;lpéz”—__}’) x /0= |x16~28"| x 10~/ | x 10-28 | x70-28

17333 |=2.3406 |~/.732212.72 74 |=/.8%9
/0 9X(25/2” -.y) X /7043 | x 0=/ Alo‘*"% x/r‘t X/0=35

Broneh Via P!
" 2402 |~3.245]|°2. 401 |3. 781 |~2.57

// /0’((;)@2 —,\]) x /0~ | x/0-28 x/”«w' x10-38 |y 1033
~%.90 |2.450 |/ 588 |-3.827 |/ /2

/2 //x(ﬂﬁj “7-‘_)/) /0768 |10 38 | x 10753 | x 10=47 | x 102
Eroneh Via 7747

/
2
3
4
W O21- y) [ B 2o L s
6
7
8
9

13loxQhry*1— y) [atee [0, 8 e |be s | 6%
R ) e e e A e
Bronch Vi free®
A D) W] e il W
) i v e R e
17Vex(Py21 - ) 3005 |ross |2rao [acrss | < [ovose
18U1xp25 - Y ) L [10% [ewrsn Jewat [ D> oo
19 Opy2- yNEa2s 12229 o0 1454, 7624
20119 (D812~ Y ) [omts |vro5 |a-to ro-37 wilyy
Brooch Via 27/ '
2/1206(2g20- y ) [20%0 1245 [owrst [Fro2ar Sor
22021x(Apgeer— ) [0 s [10% [oioe [datte [ >[50
Broneh Via 7/%°7 '
232007727y ) g1 [t | 2w [0 éay,
1241234757y ) [2ia % [mrocst [oaet' it | >< 500 %




Table L.--Continued.

-7./¢ 30 -307877 —312 /] "2:‘2/’0
x/0=7 Ixs0-t | r102 \xw=% |xp0°3 | xn02 | xs0=3 Yxs0-77
~2.895413.12¢5 |/, 4347 (29992 |2.8585)/ 9 22 5.647812,3241
x/0°% | x/0-2 Vx105 | xW08 |xs0~F x/ 0% |x/0°6 |x,0-2%
3,5060 |=5.520¢4|=5.4340|=3./999 |=/5277|"2.¢¢c |-/#16r6 {/ 48 96
A/0-18 1x/0=2 | 'xs07 /0N | x10=7 | x/06 |x/-8 | xs34
~25052 |9.7765 |2.0582 /0230 |8.17/ | 3.¢s |B.4229 |/5078
xr0-24 | x/0=% |x 1000 |xt0=1% | 70" | x 106 | xs0~V [ x/0-%2
7./98 7268 }=07 9¢ 1=3.2725}~4 32697 -%.,2 |8 30s116.5033
x/073 (x/0=% | x/0'% |x107® Y xr0="* | x 107° |x10-1# | x/0-50
3,054 |2.9529 |/ O%49 \2.3%68 |7. 10 |2.0/c8 | #6582
| x00=5 V x/076 | x/0-% \x/0-7% | x 107 |xs07% |xs0-50
/.2¢39 =179 *33}43 40070 |-9g3 |2.2062|8.2 37
x/0-3! x/0'8 | x 10722 | x 10~ x 1074 |x/0=77 |x J0-57
4781 |//5 6.7055\7.37177 |~2.3¢ |/.3263 |2.// 99
x10-2? {xs0-%2 010201 x /012 | x10'7 Vxs0~#|y14~5%
/.5280|-2.0424| 42344 =263/ 3,27 |-2.7719]19 704
x/0732 | xfp-3 | x 10%° x/0°75 1 x 1077 Y x 10=7 |x10-%8
8./74 |3.5022 |=16038 |3.5/2¢ 454 |~8./70 |5.3¢0
x/0-35 (x/0=% | x/0%% |xs8-22 X /02! |x/0720 |x/07¢°
l./33 |2es |3.8ss |48y |/ Oz 7. 40
x/0°32 | x /02 | x702% |x 10729 | x10~'% x /0758
=812 |-8.57 |-/¥s9 |-/5se |5 ¢ |6.29
X/0-3 [ x10-3 |x/028 | x/0-23 | x /045 x /023
1979 |~6./101 |6.076 |7.383 1223233 4293
x /0737 |x10-F | x 1028 |x/0=25 | x 10=17 x 1072
~14/76 |/.0800 |~2.300q |2.36 27|~/ /745 /. 9758
x /043 | x 10=5" 028 | x10-28 | x10="? X/0°2%
=13780 |~/7232)-7.79% |2.35¢3 |-39206 |~512 |-64/98|6.2944
‘x/0-27 x/0~% [xt10'% x/d‘/@ x/o—l?. x/olﬂ x/o-ﬁ x/0—47
8.0409|2.9529 |-1.523 |2.096¢ | 770 |/ 55415941
x10-5 | x10% I x)0-2%|xs0""* | x 10" | /0% |x s0-53
-2.43¢¢ “lllq |432113.5951 |=2g9 [2.7108 |/.05 06
x /0728 x /08 Vx10=2%|x/0°'5 | xp0'* |x10-77 | x 70-53
-9.229|//535 -5030 13617 |~2.3¢ |102¢413.9792
x/0-26 | x/0-2 x/07201x707"2 1017 |x107/#|xt0-5"
-2.947 |-2.03¢0 |4 2344 ~6.847 13,27 [2/5¢ |1.273¢
x/0-2% |x7072 |y 1020 x10='5 | x 1017 |x/0=17 | x 10=5¢
-1.5759(3.99/3 |-/.¢03¢ |-2529 ~¢.54 |"6.37¢ |6.81/
2/0°31 | xs0=* | x /023 [x/0-22% x/0%! |x/0=20|x/0-57
2./les |4.83 385, |=3.81 ’9-4-4 944
x10-29 | x 072 | x/025 | x/0720 | 4 1012 x 10°55
I.56s |~B.88 |~/ 459 |[/22 |Sog |6.29
x/0-35 | x/0™3 | x/028 | %/0723| 40715 | x1023
-3.815 |=6.0899 | 6.075 |-5.316 |2.0038
X034 x10"5 | x102%5 | x 1p=25| x s0=17
2.7330 |/ 0787 |=2.3009{1.7012. |~/.0T12
x10~40) x10=5 | x1028 410728 x10""
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Table 5.--Thorium®3? series, half lives, powers, and products

of decay constants.

/D&’WZ/.5¢ /0/75. 7 fo 0/[&&(7_/ ((// mﬁﬁ

Neuclide Half LiFe 7\ 53 s
AF T A .
7;2 (sec )| (sec™)| (sec™D)| (sec™) | (s2c™l
| 232 10 /5802 |2,49 | 3.9¢ 6.235 | /, 5802
[ Tb /.39 x 10 Y x /018 | x 036 x/:')‘;4 x/0=7% | x/0-/8
228 3.278q¢ |LO74813.523 | I./155/ | S5./80
/€a 6’7 y x/0=7 x/O‘/'? X/0-26 | x/034 | x/0o-%71
228 T 13,7404, | 9.865¢|2.9976 19733, (/62
Ac 6./3 h xlo“s_?“‘;glo:/_o |xr0=7¢ x/o"gl ,X./o‘g%
228 /15605|/.3304|).5¢450 1786/ (1884
7h / .90 Y x0~8 |x/07C |xip=2% |x10732 |y r0°37
224 2.20399|4.857,|/0706 |2.359, 4/26
@a' 3' 64 d X/o-é x,ﬂfrz x/0!7 x/o’z J/o’ff
220 1.27/g3 |h61755|2.0872 | 26145 (5.2 73
/En 5 4 5- S xfo~% |x/6” 4 x/gj_‘j_m x/0~8 | x/0—47
2/6 4.3870 /9246 & 3. 7040 |2:3/32
Pa 00/5-8 ) X/o, X/Z 3 X/oz x/o"b
2/2 3.2994 | 5793 (/08¢ |4 202
Pb /0.6 5 {x}%/f’ x/o"°4 2075 xn0 I x 077!
. 212 /90950 | 3. 64526 7624- 13295 8023
B/ 60.5 m x_/o“" x /0”8 (xR x0777 |x/075F
Branch Via P2*
2/ T 2.280, |5./9g8 | /1854 2.7028 /8294
ro 3.0tx07"s  |xwe! [\w |5pH |50 Lot
| .
Pb 2% Stable | | |
; _ 1 | N
% Bronch Via 77%% !
; 208 3.727 /3887 &5/ 75|/ 929 |2.990 'E
. T/ 30 / Ved) x/o"a x/o‘g X /o-:e x/o-/a f)(/})—5'_/ i
Ph 208 Stable E
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